Development of ovarian follicles is regulated by pituitaryderived gonadotropins together with local ovarian paracrine factors. Based on DNA microarray data, we performed RT-PCR and immunostaining to demonstrate the expression of interleukin 7 transcripts in oocytes of preantral, antral, and preovulatory follicles in rats. We also found the expression of interleukin 7 receptor and the coreceptor interleukin 2 receptor gamma in granulosa cells, cumulus cells, and preovulatory oocytes. In cultured rat granulosa cells obtained from early antral and preovulatory follicles, treatment with interleukin 7 stimulated the phosphorylation of AKT, glycogen synthase kinase (GSK3B), and STAT5 proteins in a time-and dose-dependent manner. Furthermore, measurement of mitochondrial reductase activity indicated that treatment with interleukin 7, similar to gonadotropins, increased the number of viable granulosa cells during a 24-h culture period. Furthermore, monitoring of the activities of apoptotic enzymes (caspase 3/7) indicated that treatment with interleukin 7 suppressed apoptosis of cultured granulosa cells from both antral and preovulatory follicles following serum withdrawal. The apoptosis-suppressing actions of interleukin 7 were blocked by an inhibitor of the phosphoinositol-3-kinase (PIK3)/AKT pathway. Furthermore, treatment of cultured preovulatory follicles with interleukin 7, like treatment with human chorionic gonadotropin, induced germinal vesicle breakdown of oocytes. The stimulatory effect of interleukin 7 was also blocked by inhibitors of the PIK3/ AKT pathway. The present findings suggest that oocyte-derived interleukin 7 could act on neighboring granulosa cells as a survival factor and promote the nuclear maturation of preovulatory oocytes through activation of the PIK3/AKT pathway.
INTRODUCTION
Development of ovarian follicles is regulated by pituitaryderived gonadotropins together with local ovarian factors [1] [2] [3] . Recent studies have indicated the important roles of oocytederived growth factors in the regulation of granulosa cell functions. Among them, growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15 secreted by oocytes are capable of regulating multiple steps of folliculogenesis and are essential for fertility [4, 5] . In contrast, granulosa cell-derived growth factors (e.g., kit ligand) play important roles in regulating oocyte functions [6, 7] . Recent advances in transcriptome profiling using DNA microarrays allowed a genomewide identification of oocyte-expressed factors for the elucidation of their potential physiological roles during follicle development [8] [9] [10] . Among candidate ovarian fertility genes found to be highly expressed in the oocyte [10] , the present study focused on interleukin 7 and investigated its ovarian expression and function.
Interleukin 7 is a 25-kDa glycoprotein involved in the regulation of lymphocyte growth. Originally defined by its ability to stimulate the proliferation and differentiation of pre-B cells [11, 12] , interleukin 7 was subsequently shown to affect the growth of cells of the T-cell lineage [11] [12] [13] [14] [15] [16] [17] [18] . Interleukin 7 interacts with its receptor, interleukin 7 receptor (IL7R), and a coreceptor, interleukin 2 receptor gamma (IL2RG), a common gamma chain shared by receptors for interleukins 2, 4, 7, 9, and 15. Interleukin 7 activates the phosphoinositol-3-kinase (PIK3)/AKT pathway in lymphoblasts, B-cell progenitors, and thymocytes [13, 19] as well as the phosphorylation of downstream glycogen synthase kinase (GSK3B) [20] . In addition, interleukin 7 belongs to the hematopoietin cC ligand family known to activate the JAK/STAT pathway [21] . Interleukin 7 stimulation of CD34 immature thymocytes led to the phosphorylation of STAT5 [22] .
In the present study, we hypothesized that oocyte-derived interleukin 7 could serve as a local hormone to regulate ovarian functions. We demonstrated the high expression of interleukin 7 in oocytes and showed that treatment with interleukin 7 stimulated the phosphorylation of AKT, GSK3B, and STAT5 in cultured granulosa cells, together with an increased number of viable granulosa cells and decreased level of granulosa cell apoptosis. Treatment of cultured preovulatory follicles with interleukin 7 also promoted the nuclear maturation of oocytes.
MATERIALS AND METHODS

Animals
Immature Sprague-Dawley rats (age, 15 and 25 days) were obtained from Charles River Laboratories. To induce follicular maturation, some rats at 25 days of age were injected s.c. with 12 IU of equine chorionic gonadotropin (eCG); large follicles were dissected from these rats 48 h later. All animals were housed in an environment with controlled light, humidity, and temperature in accordance with institutional and National Institutes of Health (NIH) animal care guidelines.
Real-Time RT-PCR Analysis
For assessing interleukin 7, IL7R, and coreceptor IL2RG transcript levels, ovaries were collected for total RNA extraction. Ovaries were dissected from rats at Day 15 or Day 25 of age or from eCG-treated rats. The largest follicles were punctured to obtain oocytes, granulosa cells, and cumulus cells. Total RNA was extracted using an RNeasy Micro Kit (Qiagen Sciences, Inc.), and each sample (2 lg) was reverse-transcribed for subsequent PCR analysis. Realtime PCR was performed in a 25-ll final volume containing 2 ll of the reverse transcriptase reaction product, 0.5 lM primers, 0.2 lM fluorescently labeled , and the PCR reagent mixtures (QuantiTect Probe PCR Kit; Qiagen Sciences, Inc.). Standard curves were generated by serial dilution of each plasmid DNA. Primer pairs and fluorescent probes used are listed in Table 1 . Real-time PCR was performed using iQ SYBR Green Supermix (Bio-Rad Laboratories), and glyceraldehyde phosphate dehydrogenase levels were used for copy number normalization. The assays were performed on a Smart Cycler TD System (Cepheid) with an initial enzyme activation step of 15 min at 958C, followed by 45 cycles of two-step PCR (948C, 15 sec; 608C, 60 sec). Data are presented as relative expression and are normalized based on histone H2A levels. Results represent the fold-change (mean 6 SEM) of normalized expression.
Immunostaining of Interleukin 7 and Connexin 45
To evaluate ovarian cell types expressing interleukin 7 antigens, immunofluorescent staining of interleukin 7 was performed. Ovaries from rats at Day 25 of age were removed and rinsed in phosphate buffer at room temperature before fixation in 4% paraformaldehyde-PBS for 2 h at 48C. After incubation with increasing concentrations of sucrose in phosphate buffer (10%, 2 h; 30%, 2 h; Sigma), tissues were embedded in O.C.T. Compound (TissueTek), followed by freezing at À2108C. Sections (thickness, 8 lm) were cut at À208C and transferred to a Superfrost Plus slide (Fisher Scientific Co.). The sections were dried, then washed in PBS before treatment with 1.5% rabbit serum for 15 min at room temperature, followed by overnight incubation with affinity-purified interleukin 7 antibody (1:100; Santa Cruz Biotechnology) at 48C. After reaction, sections were rinsed in PBS three times before treatment with fluorophore-conjugated secondary antibody (Invitrogen) for 1 h at room temperature under darkness. Sections were then washed three times in PBS before staining of cell nuclei using the Hoechst 33342 dye (Invitrogen) for visualization under a fluorescence microscope. Negative control was stained with nonimmune immunoglobulin (Ig) G.
To estimate the purity of isolated granulosa cells, immunostaining was performed for cells isolated from Day 15 of age, Day 25 of age, and eCGtreated rats. Cells were fixed using 4% paraformaldehyde overnight at 48C. After washing three times with PBS and incubation with a blocking solution (Invitrogen) for 10 min at 238C, cells were incubated with anti-connexin 45 (1:200 dilution; Santa Cruz Biotechnology) overnight at 48C, followed by exposure to secondary antibodies and staining with Hoechst 33342 before analyses.
Granulosa Cell Cultures
Granulosa cells were punctured from ovaries of immature rats at Day 25 of age or at 48 h after Day 25 animals had been primed with 12 IU of eCG. Ovarian debris and small follicles were removed, and granulosa cells were collected after centrifugation at 500 3 g for 10 min. After repeated washing, granulosa cells were resuspended in McCoy 5a media (Invitrogen) supplemented with 10 À7 M androstenedione, 2 mM L-glutamine, 100 U/ml of penicillin, and 100 lg/ml of streptomycin.
Immunoblotting Analysis
Granulosa cells from rats at Day 25 of age or from eCG-primed immature rats were cultured at a density of 200 000 cells per 60-mm plate in McCoy 5a media. After overnight incubation, some cells were treated with interleukin 7 for different durations. After treatment, cells were washed once with chilled PBS before extraction using the M-PER Mammalian Protein Extraction Reagent (Thermo Fisher Scientific) containing a protease inhibitor cocktail (Roche). After incubation in lysis reagents for 15 min, cell extracts were centrifuged at 20 000 3 g for 15 min at 48C and the resulting supernatant was used for immunoblotting analysis. Protein (10 lg/lane) was loaded on 4%-15% SDS-polyacrylamide gels (Bio-Rad Laboratories) and electroblotted into Hybond-P membranes (Amersham Biosciences). Membranes were blocked with 5% fat-free milk in Tris-buffered saline containing 0.05% Tween for 1 h at room temperature. After blocking, membranes were incubated with antibodies obtained from Cell Signaling Technology against phospho-AKT (Ser473; 1:1000 dilution), AKT (1:2000 dilution), phospho-GSK3B (1:1000 dilution), GSK3B (1:2000 dilution), phospho-STAT5 (1:1000 dilution), and STAT5 (1:2000 dilution). Secondary anti-rabbit or anti-mouse antibodies (1:15 000 dilution; Santa Cruz Biotechnology) were used according to the manufacturer's recommendation. Signals were developed using enhanced chemiluminescence (ECL kit; Amersham Biosciences) and quantitated using a densitometer.
Granulosa Cell Viability Assay
Viable cells were measured based on MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] and an electron-coupling reagent, phenazine methosulfate, using the CellTiter assay (Promega). The conversion of MTS into the aqueous soluble formazan product is accomplished by dehydrogenase enzymes found in metabolically active cells. The quantity of formazan product as measured by the amount of 490-nm absorbance is directly proportional to the number of living cells in culture. Granulosa cells were seeded on 96-well plates (5000 cells/well) and incubated at 378C. After incubation in McCoy 5a serum-free medium with or without interleukin 7, follicle-stimulating hormone (FSH), or human chorionic gonadotropin (hCG) for 24 h, the substrate was added for 2 h to measure absorbance using a scanning spectrophotometer.
Induction of Apoptosis and Caspase 3/7 Activity Assay
For apoptosis studies, granulosa cells were initially cultured in 96-well plates (10 000 cells/well) with McCoy 5a medium containing 10% fetal bovine serum (FBS) for 24 h. Subsequently, medium was changed to McCoy 5a medium without FBS, and apoptosis was determined at different times after serum withdrawal. Apoptosis was assessed with caspase 3/7 activity assay using a luminescent assay kit (Caspase-Glo 3/7 Assay; Promega). After serum withdrawal, cells were cultured in serum-free media with or without interleukin 7, FSH, or hCG for 24 h before caspase assay. At the end of culture, 100 ll of Caspase-Glo 3/7 reagent were added to each well of the 96-well plate, and cells in culture medium were gently mixed and incubated at room temperature for 1 h before measuring the luminescence of each sample in a plate-reading luminometer (Bio-Rad Laboratories).
Follicle Cultures
To evaluate the effects of interleukin 7 on oocyte maturation, preovulatory follicles were excised from rat ovaries at 48 h after eCG treatment and cultured to examine nuclear maturation of oocytes [23] . Follicles (n ¼ 10-20 per 4-ml roundbottomed vial; BD Falcon) were cultured with or without interleukin 7 in Leibovitz L-15 medium (Invitrogen). The vials were flushed at the start of the culture with O 2 /N 2 (at a 1:1 ratio), sealed, and cultured at 378C for 6 h. After culture, cumulusoocyte complexes were isolated, and after cumulus cells were removed, oocytes were examined for the occurrence of germinal vesicle breakdown (GVBD).
Statistical Analysis
Results are presented as the mean 6 SEM of three or more independent assays. Statistical significance was determined using ANOVA, with P , 0.05 being statistically significant.
RESULTS
Expression of Interleukin 7, IL7R, and Coreceptor IL2RG in Different Ovarian Compartments
The DNA microarray and bioinformatic analyses of gene expression indicated high expression of interleukin 7 in 
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ovulated eggs [10] . We performed real-time RT-PCR analyses to investigate the ovarian cell types expressing interleukin 7 and its cognate receptors. Granulosa cells, cumulus cells, and oocytes were isolated from ovaries of juvenile (age, 15 days) and prepubertal (age, 25 days) rats. Some samples were obtained from preovulatory follicles of prepubertal rats that had been primed 48 h earlier with 10 IU of eCG. Total RNA was extracted, and individual transcript levels were determined. As shown in Figure 1A , transcripts for interleukin 7 were highest in oocytes obtained from all three groups, with lower levels in granulosa and cumulus cells (P , 0.05). Furthermore, transcripts for IL7R and coreceptor IL2RG were found in all , and GDF9 (F) in different ovarian compartments. Samples were obtained from ovaries of rats at 15 days of age (d15), 25 days of age (d25), and 48 h after treatment of 25-day-old rats with eCG. Transcript levels for histone H2A were used for normalization. Results are presented as the mean 6 SEM of three to four independent determinations. CC, cumulus cells; GC, granulosa cells; Oo, oocytes. *P , 0.05. G) Immunostaining of connexin 45 was performed for isolated granulosa cells to evaluate their purity (left: connexin-45 staining; middle: Hoechst 33342 staining; right: merged images). H) Immunofluorescence staining of interleukin 7 in oocytes. Ovaries were obtained from rats at Day 25 of age and fixed in 4% paraformaldehyde-PBS before embedding and freezing. Frozen sections were stained with affinity-purified interleukin 7 antibodies (green). Sections were also stained with Hoechst 33342 (blue) for cell nuclei. Negative control was stained with nonimmune IgG. Original magnification 3200. three cell types (Fig. 1, B and C) . Of interest, IL7R and coreceptor IL2RG transcripts in preovulatory oocytes were increased following eCG treatment as compared with the Day 25 group (P , 0.05). The purity of different cell populations was validated using marker genes. Transcripts for inhibin-alpha and petraxin 3 were higher in granulosa and cumulus cells but lower in oocytes (Fig. 1, D and E) (P . 0.05). In contrast, GDF9, an oocyte marker, was expressed exclusively in oocytes (Fig. 1F) . To estimate the purity of isolated granulosa cells, we performed connexin 45 staining. As shown in Figure 1G , most of the isolated cells expressed this granulosa cell marker, showing 82.6% 6 2.7%, 90.3% 6 1.7%, and 91.8% 6 3.0% purity for samples obtained from Day 15, Day 25, and eCGtreated groups, respectively. We further confirmed the oocytespecific expression of interleukin 7 by performing immunofluorescence staining using ovaries from rats at Day 25 of age. As shown in Figure 1H , interleukin 7 antigens were found in oocytes of antral follicles (green), whereas staining with nonimmune IgG showed negligible signals.
Interleukin 7 Treatment Enhances AKT, GSK3B, and STAT5 Phosphorylation in Granulosa Cells
Based on the expression of IL7R in granulosa cells, we evaluated potential signaling pathways activated by interleukin 7 in cultured granulosa cells. Interleukin 7 stimulated the phosphorylation of AKT, GSK3B, and STAT5 in thymocytes, leading to the activation of the PIK3/AKT and JAK/STAT pathways [21, 22] . We tested if interleukin 7 is also capable of activating these pathways in granulosa cells. Therefore, granulosa cells were collected from early antral follicles of ovaries from prepubertal rats or from preovulatory follicles of ovaries from prepubertal rats pretreated with eCG. Cells were cultured overnight in serum-free conditions before treatment with recombinant interleukin 7, followed by cell extraction and immunoblotting analyses. As shown in Figure 2A , treatment with interleukin 7 (1 ng/ml) stimulated the phosphorylation of AKT, GSK3B, and STAT5 after 5 min of incubation, reaching a plateau at 10 min after culture. For dose-response studies, cells were treated with increasing doses of interleukin 7 for 10 min, and treatment with gonadotropins served as positive controls. As shown in Figure 2B , treatment of granulosa cells obtained from prepubertal rats with interleukin 7 stimulated the phosphorylation of AKT, GSK3B, and STAT5 in a dosedependent manner. Similar to earlier reports, treatment with FSH also stimulated AKT phosphorylation [24] . In addition, FSH treatment stimulated GSK3B and STAT5 phosphorylation. In cultured granulosa cells obtained from eCG-treated ovaries, treatment with interleukin 7, like treatment with hCG, also stimulated the phosphorylation of AKT, GSK3B, and STAT5 (Fig. 2C) . These findings suggest that treatment with interleukin 7 activated the PIK3/AKT/GSK3B and JAK/ STAT5 signaling pathways in granulosa cells from follicles at different stages of development.
Interleukin 7 Treatment Increased the Number of Viable Granulosa Cells
Interleukin 7 has been reported to support the growth of lymphocytes [13] . To assess the ability of interleukin 7 to regulate granulosa cell viability, we monitored mitochondrial reductase activity using the MTS assay [25] . Granulosa cells
FIG. 2. Interleukin 7 stimulation of the phosphorylation of AKT, GSK3B
, and STAT5 in cultured granulosa cells. A) Granulosa cells obtained from eCGtreated animals were treated with interleukin 7 (1 ng/ml) for different durations. Cell extracts were used for immunoblotting analyses to detect levels of phosphorylated AKT (pAKT), phosphorylated GSK3B (pGSK2B), and phosphorylated STAT5 (pSTAT5). Reprobing of nonphosphorylated proteins in the same blot served as loading controls. B and C) Dose-dependency studies. Granulosa cells obtained from early antral follicles of immature rats at 25 days of age or preovulatory follicles from eCG-treated rats were incubated with 1 or 10 ng/ml of interleukin 7 for 10 min. Cells treated with FSH or hCG served as positive controls. Relative ratios of phosphorylated proteins to total proteins were derived from densitometric analyses and normalized based on the value of untreated groups. Results are presented as the mean 6 SEM of three independent determinations. *P , 0.05, **P , 0.01 vs. control group.
710 from prepubertal and eCG-treated rats were cultured with interleukin 7 in the presence or absence of FSH or hCG for 24 h. As shown in Figure 3A , treatment with interleukin 7 increased MTS activity in a dose-dependent manner. Although treatment with FSH also increased MTS activity, treatment with interleukin 7 and FSH led to an additive increase in MTS activity. For granulosa cells obtained from eCG-treated animals, similar stimulation of MTS activity by interleukin 7 was observed (Fig. 3B) . These mature granulosa cells also responded to hCG treatment, and an additive effect of interleukin 7 and hCG was found (Fig. 3B) .
Interleukin 7 Suppression of Apoptosis of Cultured Granulosa Cells
To quantify granulosa cell apoptosis, the enzymatic activity of caspase 3/7 was measured using a sensitive luminescent assay. Granulosa cells were collected from prepubertal (Day 25 of age) and eCG-treated rats and cultured with 10% FBS for 24 h. After 24-h incubation, some cells were cultured under serum-free conditions for different durations. As shown in Figure 4 , serum deprivation led to a time-dependent increase in caspase 3/7 activity in granulosa cells compared with cells cultured with serum-containing media for both types of cells (Fig. 4, A and B) . Of interest, treatment with gonadotropins or increasing doses of interleukin 7 suppressed caspase 3/7 activity induced by serum deprivation (Fig. 4, C and D) , with 1 ng/ml of interleukin 7 being as effective as the same amount of FSH or hCG. Moreover, the suppressive effect of interleukin 7 on caspase activity was blocked by cotreatment with LY294002, a PIK3/AKT inhibitor, but not by its inactive analog, LY303511, suggesting the involvement of the PIK3/ AKT signaling pathway in the survival action of interleukin 7 in granulosa cells.
Interleukin 7 Promotion of the Nuclear Maturation of Preovulatory Oocytes
The RT-PCR analyses indicated the expression of IL7R and coreceptor IL2RG in oocytes of preovulatory follicles after treatment of prepubertal rats with eCG. Because oocytes in preovulatory follicles respond to the preovulatory luteinizing hormone (LH) surge to resume meiosis, we tested if interleukin 7 could also regulate the nuclear maturation of preovulatory oocytes. Prepubertal rats at Day 25 of age were treated with 12 IU of eCG to induce preovulatory follicles. Forty-eight hours later, large follicles were dissected from these ovaries and cultured for 6 h with different doses of interleukin 7, hCG, and other reagents before assessment of the maturation status of oocytes. As shown in Figure 5 , treatment with increasing doses of interleukin 7, like treatment with hCG, increased the fraction of oocytes showing GVBD, reaching levels comparable to those induced by hCG. Furthermore, cotreatment with the interleukin 7 antibody or the PIK3 inhibitor, LY294002, blocked the stimulatory effect of interleukin 7. In contrast, the inactive analog (LY303511) was not effective. Furthermore, treatment with the interleukin 7 antibody did not affect the stimulatory action of hCG.
DISCUSSION
In the present study, we have demonstrated the expression of interleukin 7 in oocytes of antral and preovulatory follicles, together with the expression of IL7R and the coreceptor IL2RG in granulosa cells, cumulus cells, and preovulatory oocytes. In cultured granulosa cells, treatment with interleukin 7 stimulated the phosphorylation of AKT, GSK3B, and STAT5. Treatment with interleukin 7 also increased the number of viable granulosa cells and protected cultured granulosa cells from apoptosis after serum withdrawal. In cultured preovulatory follicles, treatment with interleukin 7 promoted the nuclear maturation of preovulatory oocytes.
In the ovary, gonadotropins, estrogens, growth hormone, different growth factors (insulin-like growth factor I, epidermal growth factor [EGF]/transforming growth factor-alpha, and basic fibroblast growth factor), cytokine (interleukin 1beta), and nitric oxide act in concert to prevent apoptosis of cells in preovulatory follicles based on analyses of apoptotic DNA fragmentation [26, 27] . Caspases are the central components of apoptosis in mammalian cells and can be classified into two groups according to their function and structure. In contrast to the initiator caspases (caspases 2 and 8-10), capases 3 and 7 are effector or executioner caspases, representing the final common pathway of apoptosis [28, 29] . Using a caspase 3 assay, an earlier study demonstrated increased apoptosis of cultured granulosa cells following serum withdrawal [30] . In addition to confirming the survival actions of gonadotropins on granulosa cells, the present study demonstrated the antiapoptotic effects of interleukin 7 based on a sensitive bioluminescence caspase 3/7 assay and the measurement of viable cell numbers. In addition to survival factors produced by granulosa and theca cells, oocyte-derived interleukin 7 represents another paracrine factor acting on granulosa cells to promote their survival. The PIK3/AKT signaling pathway has been shown to be important in the survival and proliferation of granulosa and other cell types [24, 31, 32] . Previous studies supported an important role for the PIK3/AKT signaling pathway in the survival of granulosa cells in preovulatory follicles and demonstrated that FSH treatment induces a biphasic increase in AKT phosphorylation in granulosa cells [24, 33] . Our studies have confirmed the role of FSH and LH as survival factors in granulosa cells, likely by acting through the AKT pathway [31] [32] [33] . We also found that the suppression of caspase 3/7 by interleukin 7 was prevented by cotreatment with LY294002, a PIK3/AKT inhibitor, but not by its inactive analog, LY303511.
Interleukin 7 belongs to the hematopoietin cC ligand family known to activate the JAK3/STAT5 pathway [21] , and we demonstrated the stimulation of STAT5 phosphorylation by interleukin 7 in granulosa cells. Although activation of the PIK3 signaling cascade plays a major role in cell growth and survival induced by STAT5A and STAT5B in Ba/F3 cells [34] , the exact relationship between the PIK3/AKT and STAT pathways in granulosa cells remains to be elucidated. In cultured rat granulosa cells, increased phosphorylation of GSK3B at the Ser9 position was observed after hCG treatment, leading to LH receptor-mediated inhibition of GSK3B activity [35] . Although we demonstrated the phosphorylation of GSK3B by interleukin 7 and gonadotropins, the exact role of this pathway in granulosa cell functions also remains to be elucidated.
A limited number of ovarian paracrine ligands have been shown to promote GVBD of preovulatory oocytes, including EGF family ligands [36] , endothelin 1 [37] , and insulin-like 3 (INSL3) [38] . These local ovarian factors are produced by granulosa or cumulus cells. In contrast, our data demonstrated that an oocyte-derived growth factor could also promote A and B) Granulosa cells were treated with 10% FBS for 24 h and then incubated under serum-free conditions for different durations before monitoring apoptosis by measuring caspase 3/7 activity using a bioluminescence assay. Some cells were maintained in serumcontaining media to prevent apoptosis (FBS group). C and D) Granulosa cells were pretreated with serum for 24 h, followed by the serum-free condition with or without interleukin 7 and/or gonadotropins (FSH or hCG). Some interleukin 7-treated cells were also treated with a PIK3 inhibitor (LY294002 [LY294]) or an inactive analog of the inhibitor (LY303511 [LY303] ). Twenty-four hours later, caspase 3/7 activity was measured using the bioluminescence assay. Results are presented as the mean 6 SEM of three independent determinations. *P , 0.05, **P , 0.01 vs. control group. 
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GVBD of preovulatory oocytes. Because female interleukin 7-null mice are fertile [39, 40] , oocyte-derived interleukin 7 is not essential for oocyte maturation. The discovery of a limited number of intraovarian factors capable of promoting the nuclear maturation of oocytes could allow the formulation of optimal culture supplementation for in vitro maturation of oocytes. Because our data also demonstrate the important role of the PIK3/AKT pathway in promoting the effects of interleukin 7, these findings provide the basis to further elucidate intracellular signaling pathways important for the nuclear maturation of oocytes. Carvalho et al. [39] reported that interleukin 7-null mice failed to generate significant numbers of B lymphocytes via the bone marrow. Similarly, mutant mice with defective IL7R displayed a reduction in thymic and peripheral lymphoid cells [40] , indicating a critical role for this receptor during early lymphoid development. However, no abnormality in female fertility was reported for these animals, suggesting that interleukin 7 signaling in the ovary is not obligatory for normal fertility and that this pathway likely plays a redundant role, similar to many other ovarian paracrine molecules. However, an earlier report [41] demonstrated higher levels of interleukin 7 in human follicular fluid as compared to serum levels. The follicular fluid levels are in the same range as the effective doses observed here. In addition, low interleukin 7 levels in follicular fluid were associated with poor oocyte quality and failed pregnancy during IVF cycles [41] . The present findings of granulosa cell survival and oocyte meiotic promotion through the actions of interleukin 7 allow future use of this molecule during follicle cultures and in vitro maturation of oocytes. Thus, interleukin 7 expressed in oocytes could enhance granulosa cell survival and promote nuclear maturation of preovulatory oocytes. It is becoming clear that a limited number of intraovarian ligand-receptor signaling systems have overlapping actions to insure optimal follicle cell survival and oocyte maturation.
